INTRODUCTION
Judges notoriously dislike patent cases, which they view as arcane, complex, and surprisingly hard fought. Proponents of specialized trial courts for patent cases argue that patent litigation is inherently complex and involves technical factual background that is especially difficult and specialized. 1 They would like to limit patent cases to judges with technical expertise, or at least to judges who have demonstrated a willingness to engage with patent law. 2 The creation of the Federal Circuit was in part a response to such calls for specialization, though it was also designed to make the substantive law more patent friendly. 3 Proponents of judicial specialization attribute the Federal Circuit's lamented reversal rate to judicial inexperience at the trial level, though much ink has been spilled on other reasons why the reversal rate might be high. 4 Among other benefits, proponents of specialization expect it to produce both coherence in decisionmaking and a higher proportion of high-quality or "correct" decisions. 5 An experienced trial court, it is argued, could dispose of cases more accurately, more efficiently, and without forum shopping. Congress has responded by creating the Patent Pilot Program (PPP), 6 intended to channel many patent cases in fourteen test districts to judges who opt to hear them. The PPP is not itself a specialized court, but it encourages specialization within a district, concentrating experience with patent cases in the hands of a few judges.
Others oppose specialized trial courts. Generalist courts, they argue, may be better able to connect specialty law with other doctrines and with broader societal interests. 7 And specialized courts may be susceptible to forum shop- REV. 971 (2013) (finding that judges with technical knowledge were more likely to reverse district courts). We originally planned to include a measure of technical specialization for district judges, but abandoned the effort because so few district judges had technical backgrounds.
H.R. 628 in Light of the English Experience and the Work of Professor
3. See Rochelle Cooper Dreyfuss, The Federal Circuit: A Case Study in Specialized Courts, 64 N.Y.U. L. REV. 1, 17-19 (1989) . 4 . See, e.g 5. See Dreyfuss, supra note 1, Gitter, supra note 1, at 193, ; Richard L. Revesz, Specialized Courts and the Administrative Lawmaking System, 138 U. PA. L. REV. 1111 REV. , 1116 REV. -18 (1990 ping, bias, and even capture, both because their importance depends on the continuing robustness of patent protection and because specialized judges are likely to spend time with lawyers who share that specialization. 8 This concern is frequently voiced about the Federal Circuit and the de facto specialized docket in the Eastern District of Texas. 9 So far, this literature has been based on speculation. It has been unable to tell us the answer to the question parties most care about when they take a case to a trial court: does judicial experience with patent cases affect how the judge rules in the case? The rich literature on Federal Circuit reversal rates cannot tell us. Reversal rates for experienced patent judges are not reliably different from those with less experience; 10 in any case, reversal rates may be driven by any number of factors that are hard to separate from district judge experience. The answer may affect both statutory proposals for district court specialization and the focus of the courts and Congress on forum shopping.
In this Article, we offer the first comprehensive look at how a district judge's experience with patent cases affects that judge's decisionmaking. We look both at district outcomes and at outcomes by judge. Using both logistic regression and fixed effect analyses, we then relate outcomes to each judge's experience level, measured by the number of patent cases that judge decided over the observed time period.
We find a strong, statistically significant relationship between a judge's experience and case outcome: more experienced judges are less likely to rule for the patentee. Notably, this is true only of findings of infringement; judicial experience has no relationship to the likelihood a judge will find a patent invalid. The relationship between experience and outcome holds across all judges and is not driven by particular judges. We also find that patentees are more likely to win biotechnology and pharmaceutical patent cases and less likely to win computer cases.
Our findings suggest that some sort of learning effect is going on among district judges across the country and that patentees benefit from litigating be-8. See Dreyfuss, supra note 1, at 379-81; Kimberly A. Moore, Forum Shopping in Patent Cases: Does Geographic Choice Affect Innovation?, 79 N.C. L. REV. 889, 899 (2001) ; see also Holmes Grp., Inc. v. Vornado Air Circulation Sys., Inc., 535 U.S. 826, 839 (2002) (Stevens, J., concurring) (" [O] ccasional decisions [on issues of patent law] by courts with broader jurisdiction will provide an antidote to the risk that the specialized court may develop an institutional bias.").
9. See, e.g fore inexperienced judges. That learning effect is quite steep; judges who have heard even a few patent cases quickly become less likely to rule for the patentee. We cannot tell whether the effect results from substantive shifts in attitude-judges growing frustrated with repeated suits by patent trolls or overclaiming by patentees, for example-or represent a general increase in confidence in claim construction or assertiveness on the bench that comes with greater experience. It could even result from greater familiarity with the procedure in patent cases.
Depending on the reason for this effect, adoption of a specialized patent trial court, or other methods of increasing trial judges' experience with patent cases, might help accused infringers, not patentees. We are hesitant to conclude that the substantive effect of patent experience is either good or bad; that may depend both on one's views of whether we have too much patent protection and on what is causing the effect. But it is important to understand that judicial patent specialization is not substantively neutral; it is bound up with the outcome of the cases.
In Part I, we discuss the issues most relevant to debates over judicial specialization and forum shopping in patent law. In Part II, we explain our study methodology. Part III presents our results, focusing on the effect of judicial experience and district-specific results. Part IV offers some preliminary thoughts as to why more experienced judges are less likely to rule for patentees, discusses what our findings might mean for patent policy and patent reform, and suggests some paths for future work.
I. SPECIALIZED PATENT COURTS AND FORUM SHOPPING
Whether specialized courts are a good idea is a longstanding question, considered at length in the literature. The general expected benefits include greater efficiency in case management and disposition, 11 outcomes of higher "quality" or correctness in complex areas of fact or law, and more stable outcomes in similar cases, leading to coherent case law over time.
12 Proponents argue that the creation of specialized courts would be beneficial for complex areas of law, especially those that are factually complex, 13 because it would both improve 11. Dreyfuss, supra note 1, at 378; see also Revesz, supra note 5, at 1120. 12. Jay Kesan and Gwendolyn Ball ably chart the main arguments for and against specialized courts both generally and in the patent context; we will thus not review them in detail here. See Kesan & Ball, supra note 9, at 400-17. They find that rationales on both sides sort into four basic categories: the formation of judicial human capital; the creation of uniform and predictable legal doctrine; effects on the political economy of the judicial system; and efficiency gains, including increased accuracy in decisionmaking. Id.
13. See, e.g., Dreyfuss, supra note 3, at 48 ("A trial judge who has never read a technical document before is less likely to interpret it correctly, no matter how many expert witnesses are called to testify, than an appellate judge who has extensive experience in dealing with such matters. Thus, it seems somewhat peculiar to allow a layman's decision to stand the accuracy of outcomes 14 and streamline overloaded generalist dockets by giving time-consuming cases to judges with greater expertise. 15 Some suggest that specialized courts may reduce forum shopping. 16 Unsurprisingly, proposals for specialized patent trial courts are well represented in the academic literature, 17 following the decision to concentrate expertise at the appellate level by creating the specialized Court of Appeals for the Federal Circuit, and have been regularly proposed in Congress. 18 Other countries-notably South Korea, Japan, and the United Kingdom-presently use some manner of specialized courts for patent cases, 19 and the European Union is currently seeking ratification of an agreement on a specialized Unified Patent Court.
20
Others raise concerns about specialized courts generally and patent courts specifically. The primary concern is capture of specialized courts by interested groups. 21 Some scholars have more general concerns about the effect of isolating certain types of cases into specific courts. They worry about negative effects on both the specialty area of law and adjudication more generally. 22 In patent law in particular, commentators have worried that a specialized court would ignore precedent from other courts in favor of its own views.
23 This unease is longstanding; in 1951, Samuel Rifkind outlined his concerns that specialization would remove patent from the whole body of law of which it is a part. Rifkind worried this would lead to tunnel vision and the creation of a court with "a jargon of its own, thought-patterns that are unique, internal policies which it subserves and which are different from and sometimes at odds with the policies pursued by the general law." 24 Without the cross-pollination of legal theories from other areas of law, specialized courts could undermine, rather than enhance, the law's overall coherence.
25
Moreover, the quality of specialized courts' overall decisions could suffer if their judges do not have sufficient exposure to related areas of law, such as commercial and antitrust law, when deciding patent cases. 26 Relatedly, commentators worry that specialist benches would attract judges who are less qualified overall. 27 And some have suggested reducing specialization by granting jurisdiction in patent appeals to a few districts beyond the Federal Circuit to increase expertise in regulatory and administrative issues and to create intellectual competition and interplay between courts.
28
At the same time, commentators sometimes limit such concerns to appellate courts on the theory that it is the appellate bench's job to consider legal development in light of other areas of law and that the trial bench can improve its factfinding work through specialized expertise. 29 On this view, the Federal Circuit may have been the wrong place to introduce specialization; instead, what we need is a specialized trial bench. 30 Indeed, some of the criticisms of the Federal Circuit have focused on its alleged "hyperactivity" in reviewing district court factual determinations. 31 The worry that a specialized court will be too interested in the facts may be a problem for an appellate court that owes deference to trial court findings, but if anything it should be an affirmative benefit for a trial court that is supposed to make those findings.
There is already some degree of differential experience in patent cases. A handful of districts handle a relatively high proportion of the patent cases filed each year.
32 And as our study shows, only a handful of judges in even fewer districts decided more than ten final patent rulings from 2002 through 2011.
33
Congress recently attempted to harness the perceived benefits of greater judicial expertise while avoiding concerns about specialized courts by establishing the PPP. 34 Under the program, fourteen district courts give judges the option to reassign patent cases randomly assigned to them after filing; these cases are then randomly reassigned to a pool of judges in the district who have volunteered to hear patent cases. The idea is that judges who volunteer can develop 15 BERKELEY TECH. L.J. 725, 726-30, 739-40 (2000) . 32 . See PWC, 2013 PATENT LITIGATION STUDY 24 (2013 , available at http://www.pwc.com/en_us/us/forensic-services/publications/assets/2013-patent-litigationstudy.pdf; Kesan & Ball, supra note 9, at 396.
33. See infra will increase efficiency by decreasing the time to decision and lowering litigation costs, while preserving the generalist nature of the district courts and preserving random assignment to forestall forum shopping.
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Supporters also expect the PPP to improve outcomes-to improve the quality of trial court decisionmaking. The definition of "quality" as it pertains to outcomes may be contested. For the most part, however, supporters expect to measure outcome quality by reversal rate, and hope that slowly concentrating experience will result in decisions that are "adjudicate [d] . . . properly [rather than] . . . . decided, unfortunately, incorrectly the first time and only decided correctly after they have come back from the Fed circuit."
36
The bill establishing the PPP was consistently popular with industry groups-including hardware, software, pharmaceutical, and biotechnology companies-and was supported by the patent bar, indicating industry and bar support for at least the kind of "soft" specialization it creates.
37 It unanimously passed the House several times with broad bipartisan support, eventually surmounting congressional concerns that mirrored the longstanding concerns about specialized courts described above. These concerns, which had caused the House Judiciary Subcommittee on Courts, Intellectual Property, and the Internet to reject earlier proposals for an actual specialized court, 38 included fear that reforms would promote forum shopping, undermine the generalist nature of the federal district courts, and limit the "legal percolation" among district courts, 39 presumably by limiting the courts in which litigants want to file and thus limiting variety in decisions.
It is too soon to tell whether the PPP is working or failing on any of these measures, as it took effect only late in 2011. However, some interesting preliminary data are available. In the first year of the program, in the Northern District of California and the Southern District of New York, nonvolunteer judges were keeping patent cases. As of January 2013, out of 143 cases filed in the Southern District of New York since the PPP's inception, only fourteen (10%) had been declined by the initially assigned judge and sent to the volunteer pool. 41 Across all districts in the PPP, 31% of cases were reassigned over the first two years. 42 Reassignments were still strikingly low in the Northern District of California, where only two cases out of 335 were reassigned, as well as in the Southern District of New York and the Central District of California-all courts with active patent dockets. 43 While some of this may be due to nonvolunteer judges accepting cases related to pending matters already on their dockets, it may turn out that judges in at least some districts are more interested in hearing patent cases than our received wisdom would predict. 44 And of course, if it turns out that nonparticipating judges would often prefer to gain experience themselves rather than reassign the cases, any benefits of additional experience will need to be attained some other way. We take up the relevance of our results to the PPP in Part IV.
Some of the disputes over judicial specialization boil down to ideological commitments or viewpoint. One might believe in the value of generalist courts in society regardless of what the evidence shows about particular case outcomes, for example. But other questions-such as whether judicial experience can shorten patent cases and bring down costs-are empirical questions that can be tested. Among other efforts, Jay Kesan and Gwendolyn Ball recently contributed a thorough review of PACER dockets, finding that experience with patent cases does seem to bring down the duration of a case, though this finding is moderate and contains substantial nuance.
45
As to whether specialist results are "better" or of higher "quality," ongoing attempts to answer this question focus on reversal rates, looking both at differences between rulings by patent-expert Federal Circuit judges and rulings by others on the court 46 REV. 231, 234-46 (2005) . Notably, these studies do not show for different district courts or judges. 47 Kesan and Ball also sought to measure some form of "quality" or accuracy in decisions in light of district court experience with patent cases, again by measuring the likelihood of reversal on appeal. They found that judges with more patent case experience were moderately more likely than their less experienced colleagues to be upheld on appeal on infringement findings. 48 They also found that judges with recent claim construction experience will be upheld on claim construction, though this finding does not hold true for cumulative experience with claim construction over time, and others have found to the contrary. 49 Kesan and Ball used the proxy of differences in reversal rates in light of experience with patent cases, a reasonable approach given the limitations of the PACER dataset.
50 However, reversal rates are inherently bound up with questions about the Federal Circuit's own approach to patent cases, limiting their ability to shed light on the district courts' decisionmaking.
Differences in district court behavior are important because both proponents and opponents of judicial specialization rely on an implicit assumption that specialized courts produce different outcomes. This has not been directly studied for district courts prior to appeal. In this Article, we test that assumption by studying trial court outcomes directly.
II. METHODOLOGY
Using the Lex Machina database, 51 we collected data on every final district court decision on a substantive patent issue filed between 2000 and 2012; the dataset totals 2185 cases. We excluded decisions made in 2000 because only certain districts made their decisions available on PACER during that period, and including that year would have biased the experience characteristics for judges in some districts. 52 We also excluded decisions made on cases filed in 2011 and 2012 because very few cases filed in those years had proceeded to decision by the fall of 2012, when we collected our data, and those that were decided so quickly were likely to be outliers in various respects. Because we were concerned with the behavior of district court judges, we excluded jury a difference in reversal rates between patent-or technical-expert Federal Circuit judges and others on the court. verdicts, though we did include judgment as a matter of law (JMOL) rulings after jury trial. 53 We excluded default judgments, which we believe to largely represent either a settlement or an automatic win rather than a considered decision on the merits. And we excluded decisions that were only interim wins, such as denials of summary judgment, keeping only final rulings on the merits of an infringement, validity, or enforceability issue. 54 We were left with 1298 observations in the multivariate analysis. Our unit of analysis is a decision on a patent; each observation represents a final ruling on a single patent in a case. 55 The 1298 observations were contained in 1171 separate cases; a number of cases included multiple patents.
For each ruling, we collected a variety of data, including the name of the judge, whether the judge was a magistrate or district judge at the time of the ruling, the district in which the case was filed, the year decisions were made, the patent number and area of technology (by international patent class), who won the case, whether the victory was on infringement, validity, or some other ground, and whether there were decisions on multiple asserted patents. We hand coded the outcomes and bases for the rulings for each patent. 54. This decision has the advantage of allowing us to make apples-to-apples comparisons. But it is important to note that it affects both the number and the nature of the decisions in our study. Prior work has found that district judges are more likely to hold patents invalid on summary judgment than to hold them valid; patentees are generally angling for a jury trial and may be less likely to move for summary judgment that their patent is valid. See John R. . Further, as one of us has observed elsewhere, because patentees generally must win on every issue, a final win for an accused infringer on a single issue usually disposes of the whole case, while a final win for the patentee on a single issue often will not mean that the patentee has won the whole case. See Mark A. Lemley, The Fractioning of Patent Law, in INTELLECTUAL PROPERTY AND THE COMMON LAW 504, 507 (Shyamkrishna Balganesh ed., 2013). As a result, one should not read our descriptive statistics as indicating the actual total patentee win rate; they do not.
Allison, Lemley, and Schwartz are currently at work on a paper collecting data on all merits rulings-including denials of summary judgment, not just final rulings on an issuefor certain years. Allison, Lemley & Schwartz, supra. As a robustness check, we intend in future research to include data from that study to determine if including denials of summary judgment affects our results.
55. In a very small number of cases, different claims of the same patent were treated differently. When that happened, we coded each group of claims separately.
56. Coding was done by a group of four Stanford law students working under Lemley's supervision and two Berkeley law students working under Urban's supervision. They each coded test sets, which we compared for errors and coding refinement. The remainder of the cases were coded with spot-check review that showed a high degree of reliability.
For each judge, we determined when she took the bench. For each decision rendered by that judge in our dataset, we determined how many years she had been on the bench at the time of decision and how many prior patent decisions she had issued up until that point since the year 2000. That allowed us to calculate an "experience" variable using the total number of patent cases a judge had handled at the time of decision (between 2000 and 2010) divided by the number of years the judge had been on the bench by that time, giving us the average number of patent decisions per year for each judge at the time each ruling was made. We made the experience variable our primary dependent variable for two reasons. First, if there is a learning effect, it seems likely that the intensity of exposure to patent cases, not merely the fact that a judge had a few scattered cases over forty years of service, would be responsible for that learning. Second, because the available electronic records are reliable only back to 2001, we have no comprehensive data on decisions before that time. A measure of "total patent cases decided" would therefore be accurate for judges appointed in 2000 or later but underinclusive for judges appointed before 2000. Nonetheless, we also report data on the total number of patent cases each judge had previously decided since 2000 at the time of each ruling and the total number of years the judge had served on the bench at the time of that ruling.
Our experience variable was not a static number but rather recalculated anew for each case, capturing growing experience over time. This was our main independent variable. We considered the following dependent variables: whether the patentee won a ruling, whether noninfringement was found, and whether a patent was found valid.
We used a variety of controls. Out of the seventy-four districts represented in the data, we created dummy variables for each of the "big" patent districts, chosen according to the volume of cases filed during the period of the study.
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These districts were coded as dummy variables to be compared to the remaining "small districts." We also created a dummy variable to indicate those "big" patent law districts as a set. We then used the "big district" dummy variables as controls to tell us whether each decision was rendered in one of the top patent districts. We also controlled for whether there were multiple patents at issue, the area of technology, and the year a case was decided (to account for substantive changes in the law over time). We clustered robust standard errors on cases to avoid skewing results in multipatent cases. And we included individualjudge fixed effects, though for reasons of sample size we were able to do that only for judges with fifteen or more decisions in the database.
We ran logistic regressions with all the control variables mentioned above. We also ran fixed effect logistic regressions with both years of experience (judge's time on bench) and total number of patent cases, but we discarded 57. We defined a big district as one with more than fifty final decisions in our dataset. There were nine such districts. See infra Table 2. those models because they had substantial collinearity with the patent-casesper-year measure of experience.
58

III. RESULTS
In Subpart A, we report a variety of descriptive statistics about the districts and judges deciding the cases we studied. Relatively few judges have decided a large number of patent cases, and they are concentrated in just a few districts. In Subpart B, we report our primary regression results.
A. Descriptive Statistics
We collected a variety of descriptive statistics in the course of our research. We report some of these below to aid in ongoing understanding of the patent litigation system. 59 Among the more notable descriptive results are the relatively small number of judges (and districts) with substantial experience with patent cases and the low number of prior patent decisions the average judge has made when rendering a patent decision. Patent litigation, it seems, is already specialized in the district courts to some extent.
Case outcomes
Patentees won just over 20% of the substantive rulings in our dataset, a number that is consistent with-albeit slightly lower than-prior findings.
60
The disparity results from the fact that our study focuses only on judge decisions, excluding jury trials, and juries are more likely to favor patentees. 61 58. That is, judges who have been on the bench longer are naturally likely to have had more total patent cases, so in a regression analysis that includes both variables, the two variables are likely to interfere with each other, making it difficult to find either one statistically significant. Courts ruling for accused infringers pretrial were much more likely to do so on the basis of noninfringement than invalidity, reflecting both the strong presumption of validity and the dominant role of claim construction during the period of our study. 
62
Judges and districts
The decisions were heavily concentrated in a few districts; the top ten districts accounted for more than half of all decisions. And within those districts, only a few judges issued a significant number of final patent decisions. Table 2 62. The numbers for type of accused infringer win do not add up to the total number of accused infringer wins because some accused infringers won on more than one ground. For an argument that claim construction has driven more findings of noninfringement, see Lemley, supra note 54, at 508.
shows the distribution of patents resolved in the top ten districts. Table 3 reports all the judges with ten or more final patent decisions in our dataset. 
FIGURE 1 Number of Patent Rulings by District
More experienced judges are more likely to vote against patentees
The primary results of our logistic regression model are reported in Table  4 . We find that judges with more experience deciding patent cases are less likely to find for the patentee. The dependent variable in this regression is patentee win-that is, that the patent was both valid and infringed. We report the results in the form of an odds ratio. In this form, an odds ratio of below 1 (or a negative z-score) indicates that the independent variable makes a patentee win less likely, and a ratio above 1 (or a positive z-score) indicates that a patentee win is more likely. The magnitude of the odds ratio indicates the strength of the effect, though there is not a simple relationship between how far that number is from 1 and the likelihood of a patentee win.
Notably, the more patent cases a judge has had per year at the time he decides a case, the less likely the judge is to rule for the patentee. That effect is highly statistically significant (p = 0.012). The effect is driven by the intensity of experience with patent cases, not simply time on the bench. In a separate regression, not reported here, total time on the bench was actually correlated with an increased likelihood of patentee win, while the total number of patent decisions pointed in the opposite direction. But as noted above, we do not think total patent decisions is a useful measure, since it is truncated in 2000. Patent decisions per year is a more reliable measure of exposure to the patent system.
District effects
Our results may also have some implications for forum shopping. 64 In the first model, we find that patentees are more likely to win cases in the District of Delaware and the District of New Jersey, while they are less likely to win cases in the Northern District of California. Interestingly, despite the patent-friendly reputation of the Eastern District of Texas, it is not significantly more likely to produce patentee wins. We note, however, that because our dataset includes only final decisions, these results do not account for the possibility that patentees may be more likely to get to trial in those districts 65 more likely than in other districts to win at trial 66 or to procure a favorable settlement from a dispute filed there. They also do not account for the fact that nonpracticing entities make up a higher proportion of plaintiffs in the Eastern District of Texas than in other districts 67 or for potential selection effects that might send lower-quality patent cases to the Eastern District of Texas. 68 As a result, we urge caution in concluding that one district is necessarily more patent friendly than another.
We also directly compared the large districts to one another by performing pairwise comparisons of each against one another and against the set of all smaller districts, using a t-test. The results of these tests confirm the statistical significance of our regression results and provide another way of ranking districts according to patentee win rate. These results track our regression results: the Districts of Delaware and New Jersey are more likely to find for patentees, including against other large districts; the Northern District of California is much less likely to find for patentees when compared to the other large districts; and the Eastern District of Texas shows no significant differences.
Infringement, not validity, explains the difference
When we break out the results by the basis for decision, it becomes evident that infringement, not validity, rulings are driving the judicial experience result. Table 5 shows the results for infringement-related motions, and Table 6 the results for validity-related motions.
66. Patentees are much more likely to win in front of a jury than they are in front of a judge. See PWC, supra note 32, at 5; Allison & Lemley, supra note 60, at 211; Lemley et al., supra note 53, at 175. Moreover, they can expect far higher awards from juries. But this does not hold for repeat plaintiffs, who "overwhelmingly" lose both bench judgments and trial verdicts. John R. Allison et al., Patent Quality and Settlement Among Repeat Patent Litigants, 99 GEO. L.J. 677, 680 (2011) . The latter result seems to be driven by the fact that nonpracticing entities and those wielding software patents enforced multiple times do poorly in court. Id. at 677.
67. Nonpracticing entities are generally less likely than practicing entities to win before both judges and juries, Allison et STUD. 493, 494 (1996) , every empirical study of patent law refutes it; each (including ours) shows systematic variation from a 50% win rate. See, e.g., supra Table 1. Whether that is a problem with the theory or represents something specific about patent law is beyond the scope of this Article. But while we do not think one can conclude that plaintiff win rates should approach 50%, the basic insight of the PriestKlein hypothesis-that selection effects can significantly skew the set of cases litigated to judgment-is correct. Note that because we are testing the likelihood of a finding of noninfringement (Table 5) or invalidity (Table 6 ), the significance of the odds ratios is reversed. That is, a positive z-score (or an odds ratio above 1) is associated with an increased likelihood of accused infringer win.
The results are depicted graphically in Figures 2 and 3 . In those Figures, we have clustered groups of decisions by the average number of prior patent decisions per year the judge had rendered at the time that case was decided. As these Figures show, the results are driven by an increased chance of finding noninfringement as the number of cases per year increases. The magnitude of the effect is substantial, amounting to about an eight percentage point increase in the likelihood of finding noninfringement. Further, much of the effect seems to come at the low end of the experience cohort. Put another way, it is only the judges who very rarely see patent cases that tend to rule more often for the patentee on infringement. Even a modest volume of patent cases-corresponding to less than one final ruling every three years-is enough to drive a significantly higher rate of noninfringement findings. Once a judge has even a modest volume of patent cases, the effect levels off and further specialization does not appear to affect outcomes. There is no corresponding increase in the chance of finding invalidity; while more experienced judges are slightly more likely to find patents invalid, that increase is not statistically significant. Each of the findings in the overall dataset is driven by the findings on infringement, not validity. Judges with more patent experience are more likely to find noninfringement, but not to find patents invalid. Judges in the District of Delaware and the District of New Jersey are more likely to find infringement, but not validity. Only the Northern District of California has a significant result on validity; judges there are more likely both to find patents invalid and to find them not infringed. But the Northern District of California finding may have an alternative explanation: the different mix of technology cases in the different districts.
Technology-specific effects
Both the District of Delaware and the District of New Jersey get a disproportionate share of pharmaceutical patent cases, and that may help explain our results in part. Pharmaceutical suits against generic drug companies are much less likely to turn on infringement issues for the simple reason that the generic has deliberately copied the active ingredient of the plaintiff's product in order to get quicker approval from the FDA. That doesn't mean there are never infringement disputes in pharmaceutical cases; patentees often sue on patents that cover inactive ingredients or dissolution profiles that the generic need not have copied.
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To test that hypothesis, we categorized each litigated patent into one or more of nine different technology categories using the technology center classifications created by the U.S. Patent and Trademark Office (PTO). Those technology classifications are set out in Table 7 . A patent can belong to more than one class, and many do. Further, many cases involve more than one patent, and we coded all technology centers involved in patents in the case. For both reasons, the numbers add to more than 100%. REV. 299, 314 (2010) (noting that pharmaceutical patentees often obtain multiple patents covering a single drug).
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70. We did not simply use the technology center that actually examined the patent. Rather, we studied each patent to determine the various technologies it claimed and assigned those technologies to the closest technology centers.
As we suspected, some districts are much more likely to hear certain types of technology cases than others. Biotechnology cases, for instance, represent 8.8% of all patent lawsuits in our dataset, while computer hardware and software excluding Internet and telecommunications represent 15.9% of the lawsuits we studied. But in the District of Delaware, 35.0% of all lawsuits are biotechnology cases, while only 8.0% are computer hardware and software cases. In the Northern District of California, by contrast, the numbers are reversed: 6.3% of lawsuits are biotechnology cases, while 34.2% are computer hardware and software cases. 71 This difference is highly statistically significant.
FIGURE 4 Percentage of Decisions by Patent Technology Center
The technology differences matter because patentees are significantly more likely to win cases involving certain technologies (such as biotechnology and mechanical engineering) than others (such as computer hardware and software). When we reran our logistic regressions including technology center as a variable, the results were largely the same as those reported in Table 5 but with one significant exception: the Northern District of California was no longer less likely to rule for the patentee. The lower number of patentee wins in the Northern District of California appears to be an artifact of the large number of com-71. Jeanne Fromer has suggested that we encourage technical specialization among courts by creating mechanisms that drive cases involving certain technologies to particular districts. Fromer, supra note 17, at 1444. But as our data suggest, we may already have such a system sorting biotechnology from software cases.
72. The full data for all districts and all technology classes are reported in Appendix A. puter technology cases filed there, coupled with the lower likelihood that a patentee will prevail in such a case. The District of Delaware, by contrast, remained more likely to rule for patentees even controlling for technology center. We report the results in Table 8 . Biotechnology and pharmaceutical patentees are more likely to win (p = 0.074), while computer hardware and software patentees are significantly less likely to win. But the effect of judicial experience remains (p = 0.02). Notably, once we control for areas of technology, filing suit on multiple patents also is significantly correlated with the patentee winning. 
The effect is driven by experience, not individual judges
We have clearly identified a patent experience effect. But our data so far cannot tell us whether that effect results from the behavior of individual judges or whether it is more general. To test that, we experimented with adding judgespecific fixed effects. But because we have so many judges in the dataset (508), and so many of them decide only a few cases, adding fixed effects for every judge rendered the model unstable. As a result, we ended up including individual judge dummies for every judge with fifteen or more decisions to see whether particular judges influenced the result. 75 We present the results in Table 9. 74. Multipatent cases were correlated with patentee win in each of our prior specifications, but only at the 90% confidence level.
75. Doing so necessitated dropping the district variables, which are collinear with individual judges. We also dropped the year variables, which we generally found not to be significant in prior models, to preserve sufficient degrees of freedom.
None of the individual judges with significant numbers of cases was significantly more or less likely to rule for patentees. The findings of significance for both the biotechnology and software technology centers and the effect of judicial patent experience remained robust. tries. 79 Some of our district-specific results can accordingly be explained as a natural form of technology sorting by district. 80 Our most significant result may be more surprising. We find that judges with more patent experience are less likely to rule for patentees on infringement, though not on validity. Familiarity, it seems, breeds contempt-not necessarily of patents, but of the breadth patentees sometimes claim for their legal rights.
Our data cannot tell us why more experienced patent judges are more likely to reject infringement claims. We do know that it is not a judge-specific or district-specific effect, that it seems to happen fairly quickly, and that it seems to be driven by the number of patent cases a particular judge has handled, not how long the judge has been on the bench. One possibility is simply greater confidence-that inexperienced patent judges are less likely to rule on summary judgment at all, or less likely to narrow the putative scope of a patentee's claims. But the data do not suggest any change in a judge's willingness to second-guess the PTO, which would have shown up as a change in the willingness to hold patents invalid. And both patentees and accused infringers move for summary judgment on infringement in roughly equal proportions, because infringement is driven by claim construction. So the change in judicial attitudes seems likely to be related to the substantive merits of patent claims, not to judges' greater willingness to address them head-on.
Perhaps judges who see a large number of patent cases are more likely to conclude that patentees overclaim the scope of their rights. There is certainly evidence to suggest that patent trolls-plaintiffs who make no products but sue those who do-tend to allege that their patents are extremely broad, covering entire industries. 81 And the imprecision of claim language in many areas means that parties are likely to vary widely in what they think a patent claim covers. 82 So one possibility is that once a judge has seen several patentees claiming to have invented an entire industry, she becomes more skeptical of patentee assertions that their patents are truly broad. 83 This possibility finds some support in other work suggesting that patent trolls fare less well in court than others.
84
Judges may also be finding noninfringement rather than invalidity because doing so is easier than ruling for the patentee (which often requires a trial) and somewhat more likely to survive Federal Circuit scrutiny than invalidating patents. 85 We emphasize that we cannot prove either hypothesis with the data we have, but both seem plausible.
B. The Promise and Peril of Judicial Specialization
The fact that district court judges grow more likely to find against patentees as their experience with patent cases grows is a provocative finding that prompts a number of additional questions and paths for future work.
First, what is a "good" or "better" outcome for patent cases, and how is it measured? If you are an alleged infringer or concerned about overclaiming and patent threats, our results will seem logical and comforting. If you are a patentee seeking to assert, they will seem less so. If judges do grow more skeptical of patentee infringement claims as they see more overbroad claims, this has some interesting implications for patent reform. A number of proposals for judicial specialization center on the idea that a judge with more patent experience will make better decisions in patent cases. That seems reasonable to us, but it is worth noting that based on the evidence before us, "better" decisions tend to be decisions that favor accused infringers, not patentees, at least on the question of infringement. Specialization may be good, but whether you think it is good may well depend on the side of the fence on which you sit. And if it is right that more-specialized judges make better decisions, our evidence suggests that patentees are overclaiming the scope of their patents.
Our finding in turn means that seemingly good-government reform proposals like the PPP or calls for specialized district courts may have an unintended political valence. Our finding raises questions about how to measure whether reforms are working. The PPP's implementing legislation requires re-porting by courts, but only some of the requirements can help address the-to be fair, perhaps ineffable-question of decision "quality," and those are limited to reviewing any general increase in expertise levels 86 and Federal Circuit reversal rates, described as "efficiency."
87 Moreover, our results raise some interesting questions about the original goal of strengthening patents through the creation of the specialized Federal Circuit and about other areas of patent reform. Whether the district courts' high reversal rates in the Federal Circuit relate to a relative lack of experience with the law or technology or instead represent an informed view that patents are too strongly asserted from the court with the deepest experience with the facts in the case is an open question. But it is possible that the twin goals of increasing specialization and strengthening patents that jointly motivated the creation of the Federal Circuit are in some tension with each other. 88 Second, how does one measure expertise? This is a longstanding question in the broader literature 89 and is perhaps important here. Some have used technical education or work experience as a proxy. 90 We considered including this, but we found the available information far too limited to create a useful measure; where judges' undergraduate and graduate backgrounds were available in publicly accessible sources, they often raised more questions than they answered. One person's bachelor of arts may be in physics, another in English. What technical training or knowledge accrued with that degree, and whether it has been maintained, is either unknowable without more detailed information or lost in the mists of time. The judge with a master's in English who has spent ensuing years becoming an autodidact in neuroscience-or simply being exposed to cutting-edge science through hearing evidence in a wide variety of civil and criminal cases-is hidden from view. Whether the judge's technical training is relevant to the case at issue depends heavily on the case. And so on. We think that judging experience with patent cases is the most direct measure. It also allows judges across the bench to be compared, apples to apples.
91 Just the same, with better information, and perhaps a more qualitative methodology such as surveys or interviews, knowing more about a judge's technical expertise might be able to help us better understand whether confidence with technical material is driving the learning effect we found.
Third, we looked at judges, not juries, for this study. It is also received wisdom that patentees want jury trials, and this wisdom is generally corroborated by consistent findings that juries are more likely than judges to find infringement and award higher damages. 92 We made the rather surprising finding that judges in the "plaintiff-friendly" Eastern District of Texas show no difference in infringement outcomes compared to other courts in our study. Other work, however, shows that Eastern District of Texas juries may still favor patentees more than juries in other districts do 93 and that there are more jury trials there than in most other districts. 94 What that means for decisional quality and litigants is an interesting question that we cannot answer with this dataset alone. Similarly, our dataset does not capture the sometimes-subtle differences in procedure between district courts or the new patent-specific local rules that many courts are adopting.
C. Future Work
Our results and these remaining questions indicate some paths for further work. It is too early to see if judges who gain additional patent case experience through the PPP's channeling model will follow these overall results. Judges who self-select into hearing extra patent cases may have different views about patents and patentees than those who are randomly selected. An obvious follow-up would test whether the outcomes in PPP districts change over the ten years of the program and whether they differ substantially from the outcomes in districts not in the program. This would add some valence to the measures Congress has required courts to track and provide further important information about whether increased experience leads judges to reach different outcomes over time.
While we think experience with actual cases is the most direct measure of experience, data on the technical expertise of judges and whether such expertise affects outcomes would also add to our understanding of how cases are decided. Knowing whether any technical or patent litigation background-which may increase overall confidence with technical cases-matters, as well as whether case-specific technical expertise matters, would offer litigants more information and could indicate further paths for reform.
92. See PWC, supra note 32, at 5. 93 . Lemley et al., supra note 53, . Lemley, supra note 65, at 12 (finding that 8% of patent cases in the Eastern District of Texas make it to trial, more than in any other district except the District of Delaware).
Finally, as noted, our results are necessarily limited in that they do not take into account differences in local rules and other specifics local to trial courts. More broadly, as the literature demonstrates, isolating the effects of specialist experience or expertise is an exceedingly complex task. Further theoretical modeling and empirical work would be helpful in better understanding the overall picture and the likely effects of reforms that target different aspects of litigation.
CONCLUSION
As judges gain experience with patent cases, they are less likely to rule for patentees on infringement. Our finding is strong and highly significant, robust across districts, across time, and across areas of technology. This both challenges existing assumptions about forum shopping in patent cases and suggests that specialized patent trial courts may benefit accused infringers over patentees. It has potentially profound implications for patent law, where it might lead us to question the way we design patents, and for the broader project of judicial specialization, which may have unintended substantive consequences. 
